Abstract: Improving environmental sustainability through purchasing and supply management (PSM) has gained increasing attention from both industry and academia. However, few attempts have been made to summarize the research development of this field. This study aims to identify the major author collaborative networks and thematic trends of this field by conducting a bibliometric review based on 371 peer-reviewed articles published between 1998 and 2017 using CiteSpace. The results show that this field is an emergent and fast-growing field which has been recognized by multiple disciplines. In terms of authors, the top ten influential authors represented by Sarkis, J., Zhu, Q.H., Vachon, S., and Klassen, R.D. were identified. Further, the four largest collaborative networks with varying research topics such as green supplier selection/evaluation and sustainable sub-supplier management were found. As for the research themes, the six largest research themes were abstracted: green supplier assessment, sustainable supplier/supply chain management, green supplier management, green supplier selection, environmental purchasing, and green supply chain management (GSCM). Further, the research thread over time was summarized as four stages: infancy stage, grow-up stage, surging stage, and deep-going stage. Finally, future research directions were given. To the best of the authors' knowledge, this is the first systematic review of this field using bibliometric analysis, comprehensively acknowledging the current research status of this field and that of the future.
Introduction
A high level of environmental performance achieved by one firm can be jeopardized by its suppliers' poor environmental management [1] . This situation is aggravated as purchased materials and components account for a growing share of a company's entire expenditures [2, 3] . For example, a well-known German auto-parts manufacturer, Schaeffler, indicated that the continuous production of more than 200 types of cars from 49 assembly plants would be affected due to the fact that its only needle supplier was required to shut down for violating China's environmental regulations. In such a case, the management of purchasing and supply becomes crucial for a firm to mitigate risks and achieve environmental sustainability across the whole supply chain.
Both industry and academia have made a great effort to explore how to improve environmental performance through purchasing and supply management. For industry, companies have increasingly adopted various methods to improve suppliers' environmental performance. For example, Adidas works closely with an NGO to monitor their suppliers' environmental performance in China and has committed itself to delivering full transparency of their supplier' hazardous chemical use, emissions, and wastewater discharge [4] . For academia, researchers have discussed various approaches ranging from supplier codes of conduct [5] , green supplier selection [6] [7] [8] , supplier monitoring, and supplier collaboration [9] , to sustainable/environmental supplier development [10, 11] and so on. Further, the drivers/enablers and barriers to implement purchasing and supply management practices such as sustainable supplier development [12] and sub-supplier management [13] [14] [15] to improve environmental sustainability have been explored.
However, although many studies have been conducted, limited attention has been paid to outlining the development trends of research in this field. A literature review was considered as the primary method of synthesizing previous research [16] , but the existing literature reviews (LRs) on this topic have a few limitations. First, most LRs focus on a broader supply chain management (SCM) area which may fail to capture the evolution of a specific part, such as PSM [17] . Second, among the limited LRs on PSM, only a small proportion only focused on environmental sustainability and tended to cover all three dimensions of sustainability, making the research state for environmental sustainability vague. Third, most existing LRs adopt qualitative methods which usually deal with a limited number of articles and are at risk of being unreliable due to subjective judgement and misinterpretation of researchers. Therefore, further efforts are needed to explore the development trends of this field.
Unlike existing reviews, this study conducted a bibliometric review and obtained a snapshot of this emerging and fast-growing field between 1998 and 2017 (by 20 October). Specifically, three research questions will be answered. First, who are the most influential researchers in this field and are there a few major collaborative networks? Second, what are the main research themes in this field? Third, how have those research themes evolved over time? Our findings could assist researchers around the world in better understanding the current state of research in this field, inspiring further research in the future. The remainder of the paper is organized as follows. Section 2 introduces the existing LRs on this topic, followed by Section 3, which presents the research methodology. Section 4 illustrates the results, using descriptive analysis, author analysis, and research themes analysis which includes research themes identification and research themes evolution analysis. Finally, Section 5 concludes and discusses the main findings, contributions, and future research directions, as well as limitations.
Previous Literature Reviews (LRs) in This Field
Based on the research domain, existing LRs on purchasing and supply management for environmental sustainability can be divided into two groups: SCM-focused and PSM-focused. The distinction between SCM and PSM can be seen through their definitions. SCM has been defined as "a process-oriented approach to managing product, information, and funds flows across the overall supply network, from the initial suppliers to the final end consumers" [18] , whereas PSM refers to a "strategic approach to planning for and acquiring the organisation's current and future needs through effectively managing the supply base" [19] . It is clear that SCM is a wider concept which covers the activities of PSM. The current LRs in this field show a trend of a broader and combined range. Out of the 12 LRs listed in Table A1 (see Appendix A), there are eight articles focusing on SCM. However, LRs that assume a broad scope may fail to capture the evolution of a specific part of the field [17] . The intent of SCM-focused reviews in early years was mainly to describe the state of the art in this field, such as the topics and theories, and to identify the trends and gaps for future studies [20] [21] [22] [23] [24] . Further, more specific topics such as green supply chain integration [25] , performance indicators of green SCM [26] , and supply chain collaboration for sustainability [27] were reviewed in recent years. All these efforts allow researchers to have a comprehensive understanding of the research state of sustainable/green SCM. However, the knowledge for PSM is very limited. Tate, et al. [28] initially indicated that the development of environmental purchasing practice and research is in its early stages through a literature review and CSR report analysis. Then, the definitions and measures [29] and governance mechanisms [30] of sustainable PSM were summarized. Appolloni, et al. [31] further summarized the themes of green procurement through reviewing publications between 1996 and 2013, Sustainability 2018, 10, 1510 3 of 28 but indicated that the practices of green procurement received less attention compared to drivers and barriers. However, no critical and comprehensive reviews on PSM have been found in the past three years, despite publications on this topic experiencing a sharp increase. Based on the above analysis, it is highly necessary to conduct a comprehensive literature review to capture the research development and evolution of this field.
Besides, as Table A1 (see Appendix A) shows, many LRs cover all aspects of sustainability, which includes environmental, economic, and social aspects. Among the four LRs on PSM, only two narrowed the scope to environmental sustainability. However, whether environmental sustainability should be integrated with social aspects should be explored further [31] . From the methodology perspective, most current LRs adopted qualitative methods such as systematic LR, consulting industrial experts, and CSR report analysis. However, a common problem of such qualitative reviews is that most of their findings rely on subjective judgement, which can be unreliable due to human misinterpretation and coding fatigue [32] . What is more, it is usually difficult for researchers to handle large amounts of articles. For instance, the number of articles that most existing LRs have analyzed is about one hundred or so. Furthermore, a qualitative method can identify the practices, drivers, and outcomes of PSM practices for environmental sustainability, but usually cannot provide the evolution of each topic over time and the complex collaborative networks between researchers. It is noteworthy that the bibliometric analysis method was adopted recently [24, 27] , providing a novel perspective to review articles in this field. However, both papers focus on the whole SCM area, rather than PSM specifically.
Research Methodology

Bibliometric Analysis Method
The purpose of a literature review is to map, consolidate, and evaluate the intellectual territory of a domain area, and then identify the knowledge gaps to be filled in further research [33] . A sound application of methodological choices and rigor is required to conduct a literature review [34] . Some researchers have adopted the content analysis method [21, 25] to analyze the research development of the SCM area. However, a common problem of such studies is that most of their outputs rely on subjective judgement, which may lead to unreliable results due to misinterpretation. What is more, it is very difficult and time consuming for researchers to distinguish most related papers from the vast available resources. In this paper, the bibliometric analysis method was adopted due to three reasons. First, compared to the more frequently used content analysis method, bibliometric analysis can handle large amounts of articles easier, faster, and more precisely, by taking advantage of computer algorithms. Second, bibliometric analysis allows us to capture more comprehensive information. Not only the general metadata such as authors, year of publication, and journals are available, but also the largest collaborative networks can be identified through co-authorship analysis. Additionally, the research themes and their evolution over time can also be analyzed by combining the keywords, title, and abstracts of publications, as well as the accompanying references which constitute the knowledge bases of this field. The information allows us to analyze the study of this field more comprehensively. Third, the interactive visualization interface of bibliometric tools such as CiteSpace make it easier for readers to understand the development of a research domain. Finally, the bibliometric analysis is well rooted in grounded and well-established theories such as impact theory and structure hole theory [35] [36] [37] .
In this study, three bibliometric analyses were conducted. The first of these was co-authorship analysis. It can not only help us find the most influential contributors in this field, but also the major collaborative networks, as well as their research topics development. Second, we completed hybrid analysis of reference co-citation and term co-occurrence. This approach allows us to cluster studies in this field into a few categories in terms of research themes. Third, we analyzed the thematic trends over time based on the above cluster analysis. Among various bibliometric analysis tools, CiteSpace [35, 38] was adopted due to its convenience to pre-process data (e.g., remove duplication and combine two Sustainability 2018, 10, 1510 4 of 28 words in different formats), its excellent visualizing function to map references and authors, and its widespread applications by previous studies [39, 40] .
Data Collection
Bibliometric analyses are often based on three information sources: Web of Science, Scopus, and Google Scholar [41] . In this study, the database of Web of Science (WOS) was chosen as the source of material due to its compatibility with the bibliometric tool which was adopted in this study, CiteSpace. Though WOS may cover limited numbers of journals compared to Scopus, for example, it is very selective and covers peer-reviewed journals with high impact factors. Furthermore, previous studies have found a notable match between the results from WOS and Scopus [42] .
The keywords used for data collection are listed in Table 1 . Each search made use of the mixture of these two types of words: supply-related words such as supplier and supply chain, and green-related words such as green and environment. After integrating the related keywords used in the previous literature review on green/environmental/sustainable purchasing and supply or supply chain management [28] [29] [30] [31] , four keywords on supply were identified, namely supplier, supply, procurement, and purchasing. Four groups of keywords representing green/environmental issues were selected, namely green, environment/environmental, sustainable/sustainability & green, and sustainable/sustainability & environment/environmental. Papers on sustainability which cover social, economic, and environmental aspects may not highlight environmental/green words in the title. However, the environmental/green words are more likely to appear in broader terms (which covers title, abstracts, author keywords, and keywords plus) if the article discusses an environmental issue as a separate part. To narrow down our scope to green/environmental, but also include the papers on sustainable/sustainability that highlight green issues, we set a specific search strategy. If sustainable/sustainability appeared in the title of a paper, but the green/environmental word also appeared in broader terms, then the paper was selected as a target sample. Note: "*" was used at the end of some keywords to expand the range of some possible studies (e.g., "sustainab *" can be sustainable or sustainability).
The data was obtained on 20 October, 2017 from Web of Science's core collection. The time span was set as "all years" to make sure that all the articles related to this topic could be searched for, irrespective of whether they were published long before the present study or recently (near data collection time), like the method adopted by previous similar studies [40, 43, 44] . The timeliness of this literature review can be guaranteed by considering as many latest publications as possible. Only articles in English were left. Furthermore, conference papers, editorial materials, letters, notes, Sustainability 2018, 10, 1510 5 of 28 book chapters, and book reviews were excluded, since we wanted to investigate rigorous academic research from validated sources. This approach is common in similar studies [17] . Initially, 1855 papers (after remove duplications) were obtained. Although we tried to find the most related papers by using the above searching strategies, there were still some unrelated papers as different authors have their own styles for highlighting their articles. To exclude irrelevant articles, we conducted a content analysis of titles, abstracts of the whole 1855 papers, and sometimes even the full content of some to judge whether each paper concentrates on "Purchasing and supply management for environmental sustainability". Numerous papers were excluded for four reasons. First, it was not related to environmental sustainability. For example, "under uncertain environment" and "competitive environment" do not mean environmentally friendly. Secondly, our research unit is business/firm, rather than consumers. The articles discussing consumer purchase intentions were excluded. Thirdly, we do not intend to discuss public/government purchasing/procurement, thus only articles talking about private purchasing were left. Finally, we only focus on strategic and organizational issues in this study, so some papers relating to specific technical tools such as life-cycle analysis, inventory, and reverse-logistics were excluded. Finally, only 371 papers were left for further analysis.
The reliability and objectivity of article selection or the deletion process was assured by involving two researchers in this step, as suggested by [33] . The two researchers independently marked all 1855 articles as kept or deleted. Since the two researchers have been cooperating for years, the intra-rater reliability was quite high. Finally, 1785 articles were marked in the same way, with a reliability of nearly 96.2%. Then, the two researchers discussed the articles for which they had opposite opinions and finally obtained consistent results. (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . Subsequently, the number of articles began to increase steadily but slowly during the period of 2008-2011. The publications saw a surge in 2012, followed by a remarkable increase in the most recent five years. The publications in this period accounted for nearly 84% of total articles. More surprisingly, the publications in the most recent two years, namely 2016-2017 (by 20 October), accounted for nearly half of all the 371 papers. This means that more and more scholars recognized the importance of this research field and also indicates a continuous growth trend of publications. In summary, the research on PSM for environmental sustainability is an emerging and increasingly popular research topic. articles in English were left. Furthermore, conference papers, editorial materials, letters, notes, book chapters, and book reviews were excluded, since we wanted to investigate rigorous academic research from validated sources. This approach is common in similar studies [17] . Initially, 1855 papers (after remove duplications) were obtained. Although we tried to find the most related papers by using the above searching strategies, there were still some unrelated papers as different authors have their own styles for highlighting their articles. To exclude irrelevant articles, we conducted a content analysis of titles, abstracts of the whole 1855 papers, and sometimes even the full content of some to judge whether each paper concentrates on "Purchasing and supply management for environmental sustainability". Numerous papers were excluded for four reasons. First, it was not related to environmental sustainability. For example, "under uncertain environment" and "competitive environment" do not mean environmentally friendly. Secondly, our research unit is business/firm, rather than consumers. The articles discussing consumer purchase intentions were excluded. Thirdly, we do not intend to discuss public/government purchasing/procurement, thus only articles talking about private purchasing were left. Finally, we only focus on strategic and organizational issues in this study, so some papers relating to specific technical tools such as life-cycle analysis, inventory, and reverse-logistics were excluded. Finally, only 371 papers were left for further analysis.
Results and Discussion
Descriptive Analysis
The reliability and objectivity of article selection or the deletion process was assured by involving two researchers in this step, as suggested by [33] . The two researchers independently marked all 1855 articles as kept or deleted. Since the two researchers have been cooperating for years, the intra-rater reliability was quite high. Finally, 1785 articles were marked in the same way, with a reliability of nearly 96.2%. Then, the two researchers discussed the articles for which they had opposite opinions and finally obtained consistent results.
Results and Discussion
Descriptive Analysis
4.1.1. Publication Distribution across Time Figure 1 shows the annual publications from 1998 to 2017 (by 20 October). It is clear that there are limited publications in the first decade (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . Subsequently, the number of articles began to increase steadily but slowly during the period of 2008-2011. The publications saw a surge in 2012, followed by a remarkable increase in the most recent five years. The publications in this period accounted for nearly 84% of total articles. More surprisingly, the publications in the most recent two years, namely 2016-2017 (by 20 October), accounted for nearly half of all the 371 papers. This means that more and more scholars recognized the importance of this research field and also indicates a continuous growth trend of publications. In summary, the research on PSM for environmental sustainability is an emerging and increasingly popular research topic. Table 2 shows the publication distribution across the top 20 journals that published the most on PSM for environmental sustainability. It should be noted that the top 20 journals published 259 out of 371 articles, accounting for nearly 70% of all the searched articles. This topic has attracted the most attention of scholars from the environmental science area and operations research/management science area. Specifically, the Journal of Cleaner Production, with 70 articles, comes first. Together with other journals in the environmental science area such as Sustainability, Business Strategy and the Environment, and Resources Conservation and Recycling, journals in this area published 113 articles, accounting for more than 30% of all searched articles. It is also noteworthy that journals in operations research/management science also contributed significantly. For example, the International Journal of Production Economics, with 27 articles, comes second. Together with other prominent journals in this area such as the International Journal of Production Research and Journal of Purchasing and Supply Management, journals in this area all together published 121 articles, contributing nearly 33% of all 371 articles. In addition, the research topic has also been accepted by journals in the industrial/engineering area (e.g., Computers & Industrial Engineering), marketing area (e.g., Industrial Marketing Management), and ethics/business area (e.g., Journal of Business Ethics). In summary, this research topic is multi-disciplinary and attractive to scholars in many research areas. Table 2 . Publication distribution across top 20 journals.
Journal (s) Publications
Journal of cleaner production (JCP) Table 3 shows the distribution of research topics across the top ten journals in terms of the number of publications. It is an arbitrary classification of research topics which only provides a visual observation about the distribution of topics. SM represents the general concept of environmental or sustainable supplier management, which may include supplier relationship management, greening supplier approaches, and the combination of supplier selection, evaluation, and development, etc. The SS, SSE, and SD essentially belong to SM, but since some articles only focused on one specific aspect, whilst others did not subdivide topics, they were counted separately. It is clear that GSCM and SSCM received the most attention of nearly all journals. These two topics usually cover a broader range of practices which include not only upstream, but also downstream, supply chains. Most articles explored the drivers, barriers, and performance outcomes of GSCM or SSCM. SS, SE, and SD, as smaller branches, have been discussed more by articles in JCP, IJPE, and Sustainability. The topics of IJPR were distributed relatively evenly. Table 4 shows the methodology distribution across the 371 selected articles. It is clear that survey and math are the most frequently adopted methods, accounting for more than 70% of the total, followed by case study and theoretical and conceptual papers. The articles using a survey method usually design a questionnaire based on the proposed research framework and then collect data to confirm or validate research hypotheses. The math method includes both optimal programmings and specific evaluating methods. In addition, 57 articles adopted case studies, which is suitable for exploring newly emergent topics such as PSM for environemntal sustainability. The theoretical and conceptual method usually aims to develop a conceptual framework and propositions for future empirical tests. Besides, 25 articles adopted mixed methods such as "survey + expert interview", "literature review + report analysis", and "case + survey". 
Research Methodologies Distribution
Author Analysis
Through the analysis of author information obtained from the database we collected, the leading researchers could be scientifically revealed and identified. Furthermore, the major collaborative networks and the evolution of their research focuses can be identified through co-authorship analysis. Since the name of a single author may have different forms of abbreviations, the data was pre-processed to improve the quality of analysis. For example, Zhu, Q.H. and Zhu, Q. represent the same author, but the articles she has published may be counted separately. Therefore, the two names were combined before they were analyzed further.
Influential Authors
To a certain extent, the devoted efforts of a researcher can be reflected by the researcher's number of publications. Similarly, the extent to which a researcher's publications have been cited by other studies can also represent the influence of a researcher. Further, the ratio of citations/publications shows the average influence or popularity of each article a researcher has published. As Table 5 shows, the top ten authors in terms of the number of publications, the citation frequencies, and citations/publications are listed. In terms of the number of publications, Sarkis, J., who published 25 papers on this topic, comes first, followed by Zhu, Q.H. and Lai, K.H. In addition, Jabbour, A.B.L.D., Govindan, K., Jabbour, C.J.C., and Blome, C. also contributed more than 10 papers. From the perspective of citation frequencies, Sarkis, J., who has been cited 2762 times, is still the most influential researcher, followed by Zhu, Q.H. with 2130 citations. It is noteworthy that although Vachon, S. and Klassen, R.D. published six papers on this topic, they have been cited by numerous studies. It shows that their articles have enduring and significant influences on follow-up research. This can be reflected by the indicator of citations/publications. As can be seen in the third row, Vachon, S. and Klassen, R.D. come first and second, with a ratio of 224.67 and 223.33, respectively. A similar phenomenon also happens to researchers such as Diabat, A. and Buyukozkan, G. On the country, although Jabbour, A.B.L.D. and Jabbour, C.J.C. published more than 10 papers on this topic, they have not been cited that much yet (the ratio is not high enough to be included here). One possible reason for this is that they focus on a specific new topic which has not attracted too much attention. Another possible reason is that their articles were published in recent years and thus have not been cited by too many other articles. Other researchers such as Lai, K.H., Govindan, K., Foerstl, K., and Blome, C. show a balanced level of influence in terms of number of publications, citation frequencies, and ratio citations/publications. To better understand the research focus of different researchers, as well as the collaborations among them, co-authorship analysis was conducted in the next part of the study. 
Collaboration Network Analysis
The collaboration network was generated as shown in Figure 2 . Two important metrics can provide information about the overall structural properties of the networks. The Modularity Q represents the extent to which the components of a system can be reasonably divided into independent blocks or clusters [45] . The silhouette metric evaluates the homogeneity of these clusters [46] . It is recommended that the value of Modularity Q and Mean Silhouette should be greater than 0.5 to ensure the credibility and feasibility of a network [40] . The value of Modularity Q and Mean Silhouette of this co-authorship network are 0.9517 and 0.7882, respectively, which are both above the recommended value, showing the high rationality of this network. There are 277 nodes and 354 links in the co-authorship network. Each node represents an author, as shown by the node label, the font size of which reflects the number of publications of this author. The links between each pair of nodes represent partnerships established by the co-authorship of researchers. The thickness of the link reflects levels of the cooperative relationships between two authors and the colors of the link (green, yellow, and orange) represent the first time (from 1998 to 2017) two researchers collaborated with each other. It can be clearly seen that the four largest clusters have been identified (small clusters were filtered). Table A2 (see Appendix A) shows the summary of the four largest co-authorship clusters in terms of cluster size, quality, and representative authors, as well as the main research fronts. The research fronts of each collaborative network were identified by combing quantitative and qualitative approaches. First, the Cite space software provided cluster labels through extracting the top terms from the title or keywords or abstract of articles that cited the publications of this collaborative network most using algorithms such as the Log likelihood ratio (LLR). The labels can capture the research topics of each collaborative network to some extent. Second, the contents of articles published by each collaborative network were analyzed in more detail to confirm and complement the research fronts of each cluster.
The largest cluster (#0) has 22 members and a silhouette value of 0.954. Based on the number of papers they published, Sarkis, J., Zhu, Q.H., and Lai, K.H. contributed the most. The labels were extracted from the abstract of articles published by this collaborative network. It is labelled as "composite sustainable manufacturing practice" by the LLR algorithm and "gscm practices" by the TFIDF algorithm. Then, the contents of publications of this cluster were further analyzed and summarized. There are three main research fronts: Chinese manufacturing industry-based green supply chain management (GSCM), sustainable supply chain management, and sustainable supplier management. First, Sarkis, J., Zhu, Q.H., Lai, K.H., and other researchers have collaborated with each other to publish numerous papers on GSCM in the context of the Chinese manufacturing industry. Specifically, Zhu and Sarkis [47] initially explored the effects of GSCM practices on firm performance. Then, they further discussed the drivers and outcome performance of different types of GSCM practices such as green purchasing and internal environmental management practices [48] [49] [50] [51] [52] [53] [54] . They also found that the level of GSCM practices may vary across different industries and firm sizes [55, 56] . There are 277 nodes and 354 links in the co-authorship network. Each node represents an author, as shown by the node label, the font size of which reflects the number of publications of this author. The links between each pair of nodes represent partnerships established by the co-authorship of researchers. The thickness of the link reflects levels of the cooperative relationships between two authors and the colors of the link (green, yellow, and orange) represent the first time (from 1998 to 2017) two researchers collaborated with each other. It can be clearly seen that the four largest clusters have been identified (small clusters were filtered). Table A2 (see Appendix A) shows the summary of the four largest co-authorship clusters in terms of cluster size, quality, and representative authors, as well as the main research fronts. The research fronts of each collaborative network were identified by combing quantitative and qualitative approaches. First, the Cite space software provided cluster labels through extracting the top terms from the title or keywords or abstract of articles that cited the publications of this collaborative network most using algorithms such as the Log likelihood ratio (LLR). The labels can capture the research topics of each collaborative network to some extent. Second, the contents of articles published by each collaborative network were analyzed in more detail to confirm and complement the research fronts of each cluster.
The largest cluster (#0) has 22 members and a silhouette value of 0.954. Based on the number of papers they published, Sarkis, J., Zhu, Q.H., and Lai, K.H. contributed the most. The labels were extracted from the abstract of articles published by this collaborative network. It is labelled as "composite sustainable manufacturing practice" by the LLR algorithm and "gscm practices" by the TFIDF algorithm. Then, the contents of publications of this cluster were further analyzed and summarized. There are three main research fronts: Chinese manufacturing industry-based green supply chain management (GSCM), sustainable supply chain management, and sustainable supplier management. First, Sarkis, J., Zhu, Q.H., Lai, K.H., and other researchers have collaborated with each other to publish numerous papers on GSCM in the context of the Chinese manufacturing industry. Specifically, Zhu and Sarkis [47] initially explored the effects of GSCM practices on firm performance. Then, they further discussed the drivers and outcome performance of different types of GSCM practices such as green purchasing and internal environmental management practices [48] [49] [50] [51] [52] [53] [54] . They also found that the level of GSCM practices may vary across different industries and firm sizes [55, 56] . The second research topic expanded the scope to sustainability which covers environmental, economic, and social aspects. For example, Lu, C.S. and co-authors explored the effect of SCM on sustainability performance [57, 58] . Gunasekaran and co-authors further tested how the external customer pressure, supplier's sustainability, buyer-supplier trust, and internal innovativeness influence sustainability performance. The third topic is sub-supplier management for sustainability. Specifically, Grimm, J.H., Hofstetter, J.S., and co-authors identified the critical factors for sustainable sub-supplier management such as trust, buyer power, involvement of a direct supplier, and geographical cultural distance [14] , and further proposed the adoption of different types of sub-supplier management practices such as supplier assessment and collaboration with suppliers that are influenced by different factors [15] .
The second largest cluster (#1) has 18 members and a silhouette value of 0.986. Jabbour, A.B.L.D., and Govindan, K. contributed the most, followed by Jabbour, C.J.C., Kannan, D., and Diabat, A. It was labelled as the "best green supplier" by the LLR algorithm and "order" by the TFIDF algorithm. Three research fronts were summarized through further content analysis. The first topic is GSCM. Jabbour, A.B.L.D., Jabbour, C.J.C., and Govindan, K. mainly explored this topic, but from different perspectives compared to the researchers in cluster 0. First, the research samples are usually large Brazilian firms and the case study is the most adopted method. Second, the role of other factors such as human aspects [59, 60] , environmental management maturity [61, 62] , quality management [61] , and eco-innovation [63] for the adoption of GSCM are discussed. The second topic is green supplier selection. Kannan, D., Govindan, K., and Jabbour, C.J.C. proposed that companies were still using traditional criteria to select suppliers without considering environmental performance and then discussed different methods to select suppliers considering environmental issues, such as the Fuzzy Axiomatic Design approach [64] , fuzzy TOPSIS approach [65] , and the integration of the fuzzy multi criteria decision making method and multi-objective programming approach [66] . Besides, the methods used to allocate orders to green suppliers [67, 68] were also discussed. The third topic is sustainable supplier evaluation. For instance, Govindan, et al. [69] proposed a fuzzy multi criteria approach for measuring the sustainability performance of a supplier.
The third largest cluster (#2) has 11 members and a silhouette value of 0.983. Blome, C. comes first with 10 publications, followed by Foerstl, K., Paulraj, A., Hartmann, E., and Reuter, C. It was labelled as "chemical industry" by the LLR algorithm and "green procurement" by the TFIDF algorithm. They mainly focused on sustainable supplier management and green supplier management. For sustainable supplier management, some researchers initially indicated that mature and sustainable supplier management capabilities are a source of competitive advantage through multiple case studies [70, 71] . Further, these researchers explored a specific aspect of this issue, such as sustainable supplier collaboration [72, 73] , sustainable supplier selection [74, 75] , and sustainable supplier relationship management [76] , and showed that different kinds of sustainable supplier management practices may be driven by different factors, such as stakeholder-related pressures, process-related pressures, and product-related pressures [77] . Besides, Blome, C. and co-authors also discussed the antecedents and outcome performance of green supplier management practices, such as green supplier development and green procurement. They found that different practices were not isolated. For instance, Blome, et al. [78] showed that green procurement positively influences green supplier development, demonstrating that the former is the basis of the latter.
The fourth largest cluster (#3) has 11 members and a silhouette value of 0.973. Zavadskas, E.K. contributed the most with four papers, followed by Esmaeili, A., Yazdani, M., Hashemi, S.H., and Tsui, C.W. It was labelled as "supplier evaluation" by the LLR algorithm and "criteria" by the TFIDF algorithm. Through analyzing the articles that they have published, it can be clearly seen that they focus on the method of green/sustainable supplier selection and evaluation. A few methods were proposed and tested, such as the integration of MCDM and QFD [6, 79] , the integration of ANP and QFD [80] , the fuzzy Choquet Integral operator [81] , a new hybrid COPRAS-G MADM Mode [82] , and the WASPAS method [83] . Compared with studies in cluster #1, the researchers in this cluster combined more advanced methods to select or evaluate environmental/sustainable suppliers. Figure 3 shows the timeline of co-authorship clusters, which clearly shows the researcher allocation across time. By analyzing the publications of researchers in different time periods, the research thread of each collaborative network can be summarized.
Sustainability 2018, 10, x FOR PEER REVIEW 11 of 28 Figure 3 shows the timeline of co-authorship clusters, which clearly shows the researcher allocation across time. By analyzing the publications of researchers in different time periods, the research thread of each collaborative network can be summarized. The largest cluster (#0) covers the widest time span, ranging from 2004 to 2017. Since the first article published by Zhu, Q.H. and Sarkis, J. [47] , the study on GSCM in the Chinese context began to increase. From 2007, more researchers such as Lai, K.H. and Cordeiro, J.J. were involved in this collaboration. The research topics become greater and more specific, such as the initiatives and outcomes of GSCM implementation [84] and the firm-level correlates of emergent GSCM practices [85] . In 2013, more researchers such as Wong, C.W.Y., Shang, K.C., and Lu, C.S., were also involved in this network. They emphasized the important role of suppliers' environmental management maturity for the effectiveness of internal green operations [86] and provided more empirical evidence of the performance outcome of GSCM practices by expanding the scope to other contexts, such as Taiwan. From 2014, more researchers were involved and their research topics become more abundant, from sub-supplier management for sustainability [14, 15] to green supplier development [87, 88] . Some researchers expanded the scope to sustainability by discussing the effect of integrated practices such as lean, green, and social management systems on sustainability performance. Further, in the most recent two years, researchers broadened GSCM studies by focusing on a single industry [89] or a specific country, such as Korea [90] . In summary, the researchers in this cluster initially focused on GSCM and then expanded the scope to sustainable supply chain management (SSCM), with the research topic shifting from the drivers, barriers, and outcome performance of whole SCM to more specific supplier-related issues.
The second largest (#1) collaborative network covers the period of 2009-2016. Initially, researchers such as Jabbour, A.B.L.D. and Jabbour, C.J.C. mainly focused on GSCM and green supplier management. In 2011, researches such as Diabat, A. and Govindan, K. summarized the drivers of GSCM practices by reviewing GSCM literature and on consultations with experts in the industry [91] . Then, researchers such as Kannan, D. further discussed the method to select green suppliers and examine how to allocate orders in a green supply chain in 2013 [66] . Following this, more factors were considered for GSCM such as human aspects, quality management, environmental management maturity of suppliers [61] , and green training [92] . The researchers involved in the most recent two years focused more on the method of green supplier evaluation and selection [67, 93] . In summary, this collaborative network mainly focuses on the GSCM practices of large companies in Brazil and then innovatively introduced the influence of other factors, such as human aspects and The largest cluster (#0) covers the widest time span, ranging from 2004 to 2017. Since the first article published by Zhu, Q.H. and Sarkis, J. [47] , the study on GSCM in the Chinese context began to increase. From 2007, more researchers such as Lai, K.H. and Cordeiro, J.J. were involved in this collaboration. The research topics become greater and more specific, such as the initiatives and outcomes of GSCM implementation [84] and the firm-level correlates of emergent GSCM practices [85] . In 2013, more researchers such as Wong, C.W.Y., Shang, K.C., and Lu, C.S., were also involved in this network. They emphasized the important role of suppliers' environmental management maturity for the effectiveness of internal green operations [86] and provided more empirical evidence of the performance outcome of GSCM practices by expanding the scope to other contexts, such as Taiwan. From 2014, more researchers were involved and their research topics become more abundant, from sub-supplier management for sustainability [14, 15] to green supplier development [87, 88] . Some researchers expanded the scope to sustainability by discussing the effect of integrated practices such as lean, green, and social management systems on sustainability performance. Further, in the most recent two years, researchers broadened GSCM studies by focusing on a single industry [89] or a specific country, such as Korea [90] . In summary, the researchers in this cluster initially focused on GSCM and then expanded the scope to sustainable supply chain management (SSCM), with the research topic shifting from the drivers, barriers, and outcome performance of whole SCM to more specific supplier-related issues.
The second largest (#1) collaborative network covers the period of 2009-2016. Initially, researchers such as Jabbour, A.B.L.D. and Jabbour, C.J.C. mainly focused on GSCM and green supplier management. In 2011, researches such as Diabat, A. and Govindan, K. summarized the drivers of GSCM practices by reviewing GSCM literature and on consultations with experts in the industry [91] . Then, researchers such as Kannan, D. further discussed the method to select green suppliers and examine how to allocate orders in a green supply chain in 2013 [66] . Following this, more factors were considered for GSCM such as human aspects, quality management, environmental management maturity of suppliers [61] , and green training [92] . The researchers involved in the most recent two years focused more on the method of green supplier evaluation and selection [67, 93] . In summary, this collaborative network mainly focuses on the GSCM practices of large companies in Brazil and then innovatively introduced the influence of other factors, such as human aspects and quality management. In the most recent two years, researchers began to explore the method to select or evaluate green suppliers.
The third largest (#2) collaborative network mainly published articles between 2010 and 2016. Researchers such as Reuter, C., Foerstl, K., and Blome, C. initially collaborated to emphasize the importance of sustainable supplier management for risk management in the Chemical industry [70] . Then, researchers such as Sichtmann, C. and Goebel, P. explored the drivers of sustainable supplier selection in 2012 [75] . Meanwhile, more specific topics such as collaboration with suppliers and supplier relationship management for sustainability were further explored [72, 76] . The latest study in this collaborative network is about the contextual barriers to implementing supplier development for sustainability [12] . In summary, the researchers in this network mainly focus on sustainable supplier management, from the importance of supplier management to specific practices, as well as drivers and barriers of sustainable supplier management.
The last one (#3) is a relatively new and young network which only covers the most recent three years, from 2015 to 2017. The research focus includes how to improve the performance of green suppliers [94] and the specific method employed to select green suppliers [6, 80, 82] .
Based on the above analysis, the most influential authors and the four largest collaborative networks, as well as their research fronts and research thread, were identified and summarized, providing a general picture about the research statement of this field. However, it is noteworthy that a certain topic may be discussed by a few collaborative networks, with different methods and perspectives or under different contexts. Therefore, only analyzing the largest collaboratives networks independently is not enough to detect the research development of this field from a holistic perspective. To comprehensively understand the knowledge base and research trends of this field, research themes analysis was conducted in the following part of the study.
Research Themes Analysis
Reference co-citation analysis is a frequently used statistical method to analyze underlying intellectual structures. If two pieces of literature are cited by n pieces of literature (n = 1, 2, . . . ) at the same time, then these two pieces are said to have a relationship of co-citation and the intensity of being co-cited is n. It is generally believed that the literature co-cited is similar in terms of themes to a greater or lesser extent. Therefore, the number of times of being co-cited acts as a measurement of the literature's similarity in themes. Based on this principle, reference co-citation analysis can analyze the emergence of research topics. However, one drawback of reference co-citation is that the recently published articles usually cannot be fully embodied in the network due to limited citations. The term co-occurrence can complement it by integrating the noun phrases which were extracted from Title, Abstract, Author Keywords (DE), and Keywords Plus (ID). If two terms appear in the same literature, then the two terms have a relationship of co-occurrence. No matter how many times an article has been cited, the terms with a high frequency of occurrence can be identified. Thus, a new research front which has not been cited too much can also be illustrated. Therefore, in this paper, a hybrid network analysis of reference co-citation and terms co-occurrence was conducted, as shown in Figure 4 . Each circular node represents an article with varied citation frequencies, which are reflected by the font size of the node label. The thickness of different links between two nodes represents the frequencies of two node articles being cited together and the color indicates the year they were first co-cited (green, yellow, and orange correspond to earlier and recent years from 1998 to 2017). The square node represents the terms that appeared the most in analyzed articles, capturing the research content of literatures in each cluster.
The importance of an article can be measured by two indicators. Citation frequency represents the recognized degree of an article in a certain research field, and it can reflect the academic contribution of the article [95, 96] . Another important indicator is betweenness centrality, which is defined as the ratio of the shortest path between two nodes to the sum of all such shortest paths [36] . The concept stems from the importance of an individual in the social networks [97] . Nodes with a high betweenness centrality are usually located on paths linking different clusters and can be identified by a thick red-purple ring [40] . It can be used to identify potential pivotal nodes in a quantifiable way [35] . A highly cited reference may not have a high betweenness centrality, but when a high citation frequency and a high betweenness centrality appear simultaneously, it means that the article has exerted a fundamental and pivotal influence on the development of this field. Before running the data, the threshold to select nodes to form the network were set as default values. For example, only the 50 most cited or occurring items from each slice were selected.
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Research Themes Identification
It is clear that the six largest clusters were identified. The value of modularity Q this network is 0.8135, and the silhouette values of the six largest clusters are all above 0.9, being highly above the recommended 0.5. Similar to co-authorship cluster analysis, quantitative and qualitative approaches were combined.
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First, the Cite space software provides cluster labels through extracting the top terms from the keywords and abstracts of the articles that cited most articles of this cluster using the algorithm of the Log likelihood ratio (LLR). Second, the frequency of terms extracted from the title, abstract, author keywords (DE) and keywords plus (ID) of articles in each cluster represents the research topics to some extent. Third, a further content analysis of the most important articles in terms of citation frequency and betweenness centrality was conducted to further confirm or complement the findings of the above two quantitative approaches. The combination of quantitative and qualitative approaches can improve the quality and effectiveness of analysis by taking advantage of scientific bibliometric methods which are embedded in grounded and well-established theories.
The six largest clusters were summarized in Table A3 (see Appendix A). Cluster 0 has 38 members (17 terms and 21 articles) and a silhouette value of 0.954. It is labelled as "applying environmental criteria" with keyword terms and "analytical hierarchy process" with abstract terms. The most frequently appearing terms are environmental D (7) and supplier A (1). Based on the above analysis, it can be inferred that "green supplier assessment" is the main research front of cluster 1. However, although this cluster is the largest in terms of size, each article member was cited no more than once. This means that there are no pivotal references and thus further content analysis is meaningless. All the cited articles in this cluster were published before 1999, meaning that research in this area had just started.
Cluster 1 has 38 members (seven terms and 28 articles) and a silhouette value of 0.895. It is labelled as "sustainable global supplier management" with keyword terms and "sustainability aspects" with abstract terms. The most frequently appearing terms are environmental P (101), Sustainable SCM (47), Environmental I (46), and Supply CM (40) . Based on the above quantitative analysis, the research fronts of this cluster could be "sustainable supplier management". Further, the most important articles in terms of citation frequency and betweenness centrality are shown in Table A3 (see Appendix A). Among those articles, Zhu and Sarkis [47] and Seuring and Müller [21] exerted a fundamental influence since high citation frequency and betweenness centrality appear simultaneously. The former one provided one of the initial empirical pieces of evidence on the relationship between GSCM and firm performance and the latter one proposed a conceptual framework for SSCM and put forward two distinct strategies: (1) supplier management for risks and performance, and (2) supply chain management for sustainable products. Further, the theoretical foundations of SSCM were enhanced through systematic literature reviews and rich case studies [20, 98, 99] . All these efforts pave a solid road for further studies on a specific topic such as sustainable supplier management and collaboration with suppliers as well as customers. For example, Lee and Klassen [9] mapped factors which improve environmental capabilities of small and medium-sized suppliers over time through case studies. Further, Vachon and Klassen [100] showed how collaboration with suppliers and customers are linked to firm performance. The content analysis further confirms that "sustainable supplier/supply chain management" is the major research front of this cluster.
Cluster 2 has 31 members (four terms and 27 articles) and a silhouette value of 0.969. It is labelled as "plant-level environmental investment" with keyword terms and "environmental management" with abstract terms by LLR. The terms with the highest frequencies are Supply C (110) and Environmental C (53). Combining the cluster labels and top terms, the main topic of this cluster is likely to be related to "environmental management in supply chain". Next, the representative cited articles were further analyzed. Carter and Carter [101] provided initial evidence on the interorganizational determinants of environmental purchasing. Then, researchers devoted further efforts to determining the importance of suppliers for environmental sustainability from different perspectives, such as buying firms' different supplier development strategies [102] , the role of partnership between original equipment manufacturers (OEMS) and their suppliers [103] , and the importance of green supply management in making supply green [104] . Further, Rao [105] and Klassen and Vachon [106] expanded the scope to the whole supply chain, but still focused on environmental issues. In summary, most papers in this cluster focus on environmental issues related to suppliers. Thus, combining the above quantitative findings, it is reasonable to name the research front of this cluster as "Environmental/green supplier management". Cluster 3 has 38 members (two terms and 29 articles) and a silhouette value of 0.928. It is labelled as "supplier selection" with keyword terms and "best green supplier" with abstract terms. The terms with the highest frequency are Supplier S (31) and Green SS (28) . Based on the above results, it can be understood that the articles in this cluster are focusing on "green supplier selection". Furthermore, the cited articles in this paper show a very focused research topic, namely green supplier selection. Firstly, the two pivotal papers with both a high citation frequency and betweenness centrality explored how to integrate sustainability into suppliers and how to evaluate the environmental performance of suppliers [107, 108] . Further, nearly all other papers discussed green supplier selection issues using different methods such as MADA methods [109] and the analytic network process [110] across different industries such as high-tech industry [111] . Therefore, the conclusion can be draw that the papers in this cluster focus on "Green supplier selection".
Cluster 4 has 38 members (12 terms and 14 articles) and a silhouette value of 0.999. It is labelled as "purchasing" with keyword terms and "environmental purchasing" with abstract terms. There are no outstanding terms, but only terms such as Upstream, S.C. and Social, R., which only appear once. The research front can thus be "Environmental purchasing". However, there are very limited important articles and frequently appearing terms, and all the papers were published before 2000. This means the studies in this field are still in their infancy at this stage.
Cluster 5 has 25 members (three terms and 22 articles) and a silhouette value of 0.936. It is labelled as "green supply chain management practice" with keyword terms and "gscm practice" with abstract terms. The most frequently appearing terms are Green SCM (90) and GSCM P (13) . It can be inferred that the main topic of this cluster may be "green supply chain management". The further content analysis of the most important cited articles shows that nearly all these papers were published by Zhu, Q.H., Sarkis, J., and their co-authors. Their focus is on GSCM, especially sampled at Chinese manufacturing enterprises. Among those studies, Sarkis, Zhu and Lai [22] was cited the most because of its fundamental contribution to the theoretic review of GSCM. Besides, Zhu, Q.H. and co-authors explored GSCM practices in terms of the measurement model [112] and the shareholder pressures of the adoption of GSCM [113] as well as the antecedents and performance outcomes of internal and external GSCM practices [48, 49, 85] . Therefore, the focus of this cluster can be named "Green supply chain management".
In summary, although six largest clusters were identified, all the articles in cluster 0 and cluster 4 were published before 2000 and do not have a very significant impact in terms of citation frequency and betweenness centrality. This means that research in this area was in its infancy at around 2000. The other four clusters (#1, #2, #3, #5) illustrate the four main research themes of this field, namely sustainable supplier/supply chain management, green supplier management, green supplier selection, and GSCM. To better understand how these research themes evolved and developed over time from a holistic perspective, the evolution of research themes was further analyzed.
Research Themes Evolution Analysis
CiteSpace can demonstrate the above generated reference co-citation & term co-occurrence network by highlighting new-added links of different periods of time. Since the time slice was set as 5, the whole period from 1998 to 2017 (by 20 October) was divided into four periods, namely , 2003 , as shown in Figure A1 (see Appendix B). To make it easier to recognize the newly emergent links during each period, the authors circled the newly emerged studies in a specific period using a black dotted line.
It can be seen that articles published during the period of 1998-2002 mainly appear in cluster 0, cluster 4, and a small part of cluster 2. As analyzed above, the study in this field was still in its infancy during this period. The importance of PSM for environmental sustainability, however, was initially proposed and examined. Specifically, Carter and Carter [101] firstly explored the interorganizational determinants of environmental purchasing. Then, other researchers emphasized the important role of supplier/supply management (e.g., strong partnership with suppliers) for environmental sustainability [103, 104] . Furthermore, Handfield, et al. [114] explored how to apply environmental criteria to assess suppliers.
Between 2003 and 2007, more articles were published, which mainly appeared in cluster 2 and part of cluster 5. During this period, most papers expanded the research scope from environmental purchasing and supply management to the whole supply chain, namely GSCM. Specifically, Klassen and Vachon [106] tested how collaboration and evaluation in the supply chain (including suppliers as well as customers) influence plant-level environmental investment. Zhu and Sarkis [56] compared the drivers and practices of different industries among Chinese manufacturing enterprises. Further, Vachon [115] and Vachon and Klassen [116] explored the relationship between GSCM practices and the selection of environmental technologies.
During the period of 2008-2012, the number of articles surged and the research content was more abundant. The topics range from GSCM and SSCM to more supplier-specific topics. Specifically, the studies on GSCM, as mentioned in the period of 2003-2007, continue and become more in-depth. The drivers and barriers of GSCM practices [117] , the optimization of GSCM [118] , its implications for "closing the loop" and firm performance [119, 120] , and environmental supply chain collaboration [100] were all explored in further detail. Besides, Sarkis, Zhu and Lai [22] reviewed and summarized recent studies on GSCM under nine broad organizational theories, not only addressing the research status of this field, but also identifying future research opportunities. Further, some researchers expanded the scope to the whole sustainability by considering environmental, economic, and social aspects. For example, Seuring and Müller [121] identified the core issues in SSCM. Carter and Rogers [20] presented a framework of SSCM and developed research propositions to consider the supporting facts to implement SSCM practices based on a few well-established theories. Carter and Easton [23] further contributed to this field by systematically reviewing the articles on SSCM from the past 20 years. Another more specific branch is on suppliers. Lee [3] and Lee and Klassen [9] initially identified the drivers and enablers to encourage the participation of small and medium-sized suppliers in GSCM practices and to improve their environmental management capabilities. Foerstl, Reuter, Hartmann and Blome [70] further discussed supplier management in broader sustainable supply chain management. Next, most studies explored the method of green/sustainable supplier selection [107, 109, 111, [122] [123] [124] , supplier evaluation [108, 123] , and supplier development [125] .
From 2013 to 2017 (by 20 October), most publications appear in Cluster 3, which was named "Green supplier selection". The research topics in this period range from GSCM to green supplier selection and evaluation. Zhu, Sarkis and Lai [48] and Tseng and Chiu [126] tested GSCM from novel perspectives. The former explored the antecedents of internal and external GSCM practices based on institutional theory and the latter evaluated green supply chain performance using linguistic preferences. This means that since the researchers began their efforts on GSCM in the period of 2003-2007, the research on this topic has never stopped but gone further. Other publications in this period, however, continued to explore the subject of green supplier selection and/or evaluation [64, 66, 69, 127, 128] . To summarise the studies on green supplier evaluation and selection approaches, Govindan, et al. [129] conducted a systematic literature review and identified the multi criteria decision making approaches.
In summary, during the past 20 years, research on PSM for environmental sustainability experienced four stages, namely an infancy stage, grow-up stage, surging stage, and deep-going stage. The first five years, namely 1998-2002, represent the infancy stage. During this stage, although limited articles were published, the important role of supply/supplier management for environmental sustainability and specific practices such as environmental purchasing and green supplier assessment were proposed and examined. Between 2003 and 2007, the studies in this field began to grow gradually. Specifically, the research scope was expanded to the whole supply chain, focusing on environmental issues. During 2008 and 2012, studies in this field experienced a surge in both the number of publications and research topics, which cover various GSCM practices across broader industries and countries, the core issues, and supporting factors of SSCM, as well as supplier-specific topics such as suppliers' participation in GSCM practices, supplier development, and the methods of supplier selection and evaluation. During the most recent five years, 2013-2017 (by 20 October), the studies in this field became more focused and deeper. For instance, a series of integrated and advanced methods to select or evaluate green suppliers were discussed. Besides, a few studies also tested GSCM from novel perspectives or based on novel methods. In sum, after a long period of steady and continuous growth, research in this field is gradually becoming more and more mature and thorough.
Conclusions and Discussion
This study presented a systematic literature review on PSM for environmental sustainability base on 317 peer-reviewed publications collected from the core collection of WOS through rigorous bibliometric analysis. The increasing number of publications over the years, especially the most recent five years, shows that this field has attracted fast growing attention of academia. The articles in this field were mostly accepted by journals in the environmental science area and operations research/management area, followed by other areas such as industrial/engineering, marketing, and ethics/business, showing that it is a multi-disciplinary topic. Although it is evolving into a popular research field, a thorough bibliometric analysis to scientifically reveal and visualize the contributing researchers and research themes evolution has not been conducted. This initial effort has contributed to this field by identifying the most influential authors, as well as their collaboration networks, and providing a roadmap of research themes evolution, not only acknowledging current research development in this field, but also enlightening future research directions.
Main Contributions
In terms of author analysis, the most influential authors and major collaborative networks were identified. Based on the number of publications and citation frequencies, Sarkis, J., Zhu, Q.H., and Lai, K.H. are the most influential contributors. Other researchers such as Jabbour, A.B.L.D., Govindan, K., Blome, C., Vachon, S., and Klassen, D. also contributed to varying degrees in either number of publications or citation frequencies, or both. Further, the four largest collaborative networks were identified, and among them, researchers represented by Sarkis, J., Zhu, Q.H., and Lai, K.H. formed the largest one, which covers the longest period, from 2004 to 2017 (by 20 October). The researchers in this cluster initially focused on GSCM and then expanded the scope to SSCM, with the research topic shifting from general SCM to more specific supplier-related issues. The researchers represented by Jabbour, A.B.L.D. and Govindan, K. constituted the second largest network. Their publications mainly emerged between 2009 and 2016 and their research themes ranged from GSCM, to green supplier selection and sustainable supplier evaluation. The third largest network consisted of researchers represented by Blome, C., Foerstl, K., and Paulraj, A. Their studies mainly emerged between 2010 and 2016 and focused on sustainable supplier management such as sustainable supplier selection and contextual barriers to implementing sustainable supplier development. The last one represented by Zavadskas, E.K., Esmaeili, A., and Yazdani, M. focused on the specific method employed to evaluate and select suppliers for environmental sustainability from 2015 to 2017 (by 20 October).
Regarding the research themes, this study contributes by identifying main research themes and further summarizing their evolutions over time. Although six clusters were initially reveled, only four main research themes were summarized after analyzing the content of articles in each cluster: sustainable supplier/supply chain management, environmental/green supplier management, green supplier selection, and GSCM. Although the perspective or focus of each theme is different, the contents are interrelated. For instance, green supplier selection is a specific aspect of green supplier management, which further constitutes an important part of GSCM. To better understand the research themes evolution from a holistic perspective, four periods were summarized. During the infancy stage, 1998-2002, preliminary efforts were made to propose the importance of PSM for environmental sustainability. Then, the research scope was expanded to the whole supply chain, focusing on environmental issues, namely GSCM, between 2003 and 2007. The number of articles and topics experienced a surge between 2008 and 2012. GSCM was discussed from many different perspectives and based on different countries and industries. Furthermore, SSCM and supplier specific topics also began to attract increasing attention. During the most recent five years, 2013-2017 (by 20 October), the research became deeper and more focused. For instance, a large amount of studies discussed various methods to select and evaluate suppliers considering their environmental performance. Overall, research in this field is becoming more abundant and in-depth.
Future Research Directions
Based on the acknowledgement of current research development in this field, several future research directions were proposed for further investigation. First, as discussed above, numerous and advanced methods have been proposed to explore how to select or evaluate suppliers considering environmental criterion, whilst fewer studies have explored the methods of a hands-on approach such as supplier development. Future studies could put more effort into exploring methods to stimulate a supplier's environmental innovativeness or to help suppliers improve environmental management capabilities. Second, while most of the articles we reviewed focus on the first-tier supplier management, significant environmental problems are often generated by lower-tier suppliers since they are always responsible for the production process and the first-tier suppliers are often responsible for the assembly link. Therefore, how to improve the sub-tier supplier's environmental performance is important. Although a few studies have explored this issue, the knowledge is still very limited. More studies are needed in the future to explore the barriers and solutions to extend environmental sustainability to sub-tier suppliers. Third, most studies analyzed in this study focused on the buyers' perspective to find out specific PSM practices such as green purchasing and green supplier selection, as well as the drivers, barriers, and performance outcomes, but fewer studies tested how suppliers respond to the buyer's different practices. Future studies could put more effort into exploring the supplier's responses to the buyer's different practices, which can help uncover this issue more comprehensively. Fourth, as discussed above, many studies consider sustainability as an integrated concept which includes environmental, economic, and social aspects. Further research should explore whether green issues should be investigated separately or integrated with economic and social aspects, as suggested by Appolloni, Sun, Jia and Li [31] . Finally, in terms of research methodologies, it is suggested that researchers try less adopted methods such as case studies, which are very useful to record more observations when one research topic has not been explored that much, as well as theoretical and conceptual methods.
Limitations
Despite its contributions, this study also has some limitations. First, the database we selected, Web of Science, may cover a limited number of articles. Multi-source searching and a cross-comparison among different databases would be more convincing. Second, although we believe the right keywords have been selected to achieve our goal, they may be improved in the future to search articles more accurately. Third, although we identified the main research themes and their evolution, deeper information on each research theme, such as methodologies, theoretical background, and the main findings, is still unclear. Future studies may continue to obtain deeper insights into different research themes. 
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